Summary. Among 243 institutionalized mentally retarded males in Japan, 13 patients (5.3%) with the fra(X)(q27) from nine families were detected. These 13 patients accounted for 8.6% of 152 male inmates with unknown causes of mental retardation in the population. One out of nine pedigrees had an apparently unaffected male transmitter of this disorder. Our data agree with the frequencies of the fra(X) syndrome in various retarded populations, most of which were Caucasians, suggesting that the prevalence of the fra(X) syndrome in Japanese is not significantly different from those in Caucasians.
Introduction
The prevalence of fragile X [fra(X)] syndrome is now established to be one in 2,000 to 2,500 individuals from the data on its frequencies in mentally retarded populations in Europe, North America, and Australia (Sutherland and Hecht 1985) . Thus, it is the second most common chromosome anomaly associated with mental retardation, after trisomy 21. In nonCaucasian populations, however, little is known about its prevalence. To evaluate whether an ethnic difference might be present in the frequencies of this disease, a screening investigation of all male inmates of an institution for the mentally retarded in Japan was performed. The frequency of the fra(X) syndrome in Japanese mentally retarded patients is not significantly different from those in Caucasians.
Subjects and methods

Subjects
The population studied was male inmates in the Ibaraki Prefectural Colony which is located about 100km north-east of Tokyo. The Colony is a residential institution for the severely mentally retarded, and inmates are referred mainly by public welfare services. The institution cares for 468 mentally retarded patients (199 women and 269 men) between the ages of 6 and 69 years. The broad diagnostic categories of all males in the institution are shown in Table 1 . The karyotypes of all Offprint requests to: T. Arinami, Ibaraki Prefectural Colony, HigashiIbaraki-gun, Ibaraki-ken, 319-03 Japan inmates had been examined previously and the results were reported by one of us (Kondo et al. 1980) .
In this survey, we screened 243 males for the fra(X) chromosome out of all male inmates, excluding 25 patients with Down syndrome and one with 12p trisomy mosaic. Clinical examination included measurement of height, head circumference, and testicular volume. The intelligence quotients (IQ) of inmates and some of their relatives were evaluated by the Stanford-Binet test, Draw-a-Man test, or Oowaki Block design test. Mothers or close relatives of all inmates were contacted to obtain the family history of mentally handicapped relatives in families. Among the individuals screened, 37 inmates from 29 families had a family history of mental retardation and the mental retardation occurred as an isolated event within the family in the remaining 206 inmates (Table 1) .
Cytogenetics
Venous blood samples were cultured in TC199 medium (Gibco) with 15% fetal calf serum (Gibco) and phytohemagglutinin (Gibco) for three or four days at 37°C, and treated with methotrexate (MTX) 24h before harvesting to a final concentration in the cultured medium of 0.01 mg/ml. At least 50 unbanded metaphases from each culture were analyzed and every fragile chromosome was identified with Giemsa-banding. When the fra(X)(q27) chromosome was detected, results were confirmed with a further 50 or more metaphases examined. A case was diagnosed as fra(X)(q27) positive based on a These patients were excluded from the survey criteria described by Hecht and Sutherland (1984) ; more than two metaphases with fra(X) chromosome must be observed in 100 metaphases from the male being investigated.
Results
Among 243 mentally retarded males from 236 families examined, 13 patients (5.3%) from nine families (3.8%) were found to be fra(X) positive. A typical facial appearance and the fra(X) chromosome from one of them are shown in Fig. 1 a  and b) . The cytogenetic and main clinical findings of these 13 patients are summarized in Table 2 . The ages were from 19 to 69 years with a mean of 36 years. No case with the fra(X) chromosome had a specific cause of mental retardation and/or a cerebral palsy. In the fra(X) positive males, the percentage of cells expressing the fra(X)(q27) varied from 3 to 61% with a mean of 33%. The distribution of IQ of the population is shown in Fig. 2 . No correlation was observed between the percentage of the fra(X) positive cells, the degree of mental reardation (IQ), and the ages of affected males (Fig. 2, Table 2 ).
The main physical findings of the patients agreed with those in the literature: slightly increased birth weight, slightly short stature, normal head circumference, thin and long face with large nose and ears, and macroorchidism (Fig. la, Table  2 ). The IQs of the fra(X) patients ranged from 14 to 34 with a mean of 21, and the mean IQ of the patients with mental retardation of unknown origin in this population is 22.7 (Fig. 2) , Five patients had epileptic seizures which have been well controlled with anticonvulsants. Behaviorally, most of the patients looked remarkably shy and/or hyperactive, but none of them met the criteria for a diagnosis of infantile autisim, or its residual state (DMS-III).
Identified fra(X) pedigrees are shown in Fig. 3 . Three cases are sporadic (families D, E, and F). On the other hand, nine case from six families had one or more mentally retarded sibling; five cases from four families also had other mentally 1  34  IV-3  43  100  31  17  24  46  B  II-5  59  100  26  24  10  >99  II-2  69  100  11  23  4  95  C  III-15  25  100  53  17  27  > 99  III-7  30  100  24  18  18  86  D  III-2  19  100  3  19  12  14  E  III-2  32  100  63  34  5  66  F  III-3  40  100  22  26  38  38  G  III-14  44  100  44  14  34  96  H  II-20  28  100  36  33  31  > 99  I  III-9  31  100  18  21  16  99   Average  38  100  33  22  17  > 72 a Percentile b Percentile according to the standard described by Nakamura ( Bundey et al. (1985) Our investigation a Family number retarded relatives. These six families were 21% of 29 families with a family history of mental retardation of unknown etiology in this population. In one family (family C), a phenotypically normal male has transmitted the fra(X) syndrome to four grandsons and two granddaughters through five daughters. There are two patients from consanguineous marriages (families A, E). similar in all racial populations, as is Duchenne muscular dystrophy.
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References Discussion
The clinical features of our patients with fra(X) syndrome are very similar to those in the literature, including severe or moderate mental retardation, slightly increased birthweight, slightly short stature, normal head circumference, thin and long face with large nose and ears, and macroorchidism (Carpenter et al. 1982) . The fragile site is also detected at q27 of chromosome X. Thus, Japanese patients with fra(X) syndrome may also be suspected from the clinical features of males with mental retardation of unknown etiology and normal head circumference. In our study, one out of nine pedigrees with the fra(X) syndrome has an apparently unaffected male transmitter. This proportion is similar to that shown by Brown et al. (1985) ; about 12% of their identified fra(X) pedigrees had apparently nonpenetrant pedigrees. There are two patients with fra(X) syndrome from consanguineous marriages (families A, E). These patients have typical clinical features of fra(X) syndrome and the fra(X) chromosome, suggesting that there is no genetic heterogeneity among the families studied.
There have been several reports on the prevalence of the fra(X) syndrome in Caucasians showing different frequencies in groups, and Blomquist et al. (1983) suggested an ethnic factor as one of the possible causes of different prevalences among the mentally retarded populations studied. Studies of various retarded populations including ours are summarized in Table 3 . In this study, the frequency of the fra(X) syndrome in all male inmates, including ones with constitutional chromosome abnormalities, was found to be 4.8% (3.4% of the families studied). Furthermore, the frequency of the fra(X) syndrome in males without a specific cause of mental retardation and/or neurologic symptoms, is 8.6%. These data are very similar to those in North Germany (Froster-Iskenius et al. 1983) and Finland (Kfihk6nen et al. 1983) , suggesting that the frequency of the fra(X) syndrome in Japanese is not significantly different from that in the Caucasian groups (Table 3 ). In conclusion, the prevalence of the fra(X) syndrome may be
